Both RNA-binding domains in heterogenous nuclear ribonucleoprotein A1 contribute toward single-stranded-RNA binding.
Heterogenous nuclear ribonucleoproteins (hnRNPs) such as hnRNP A1 are tightly associated with heterogenous nuclear RNAs (hnRNAs) within eukaryotic nuclei and are thought to be involved in hnRNA processing and splice site selection. The NH2-terminal two-thirds of hnRNP A1 contains two 92-amino acid RNA binding domains (RBDs) that are arranged in tandem and are more than 30% homologous with each other. Following this region is a flexible glycine-rich COOH-terminal domain. We have studied the nucleic acid binding properties of the two isolated RBDs (residues 1-92 and 93-184, respectively) and of A1 fragments corresponding to residues 1-184 and 1-196 (i.e., the latter fragment is called UP1) in order to evaluate their relative contributions to A1 binding. We have determined that the individual RBDs of A1 bind poly[r(epsilon A)], a fluorescent single-stranded RNA (ssRNA), with a surprisingly low apparent association constant of only 1.5 x 10(4) M-1 (1-92) and 4.5 x 10(4) M-1 (93-184), respectively. We hypothesize that this low affinity represents a basal level of binding that is common to most RBD-containing proteins. Oligonucleotide binding studies suggest the interaction site size for the 93-184 fragment is approximately 4 nucleotides or less and salt sensitivity studies indicate that only about 27% of the free energy of binding of this RBD derives from ionic interactions. Since the affinity of the 1-184 fragment is at least 10-fold above that of either of its component RBDs, both must contribute to binding. This conclusion is further supported by the increased occluded site size of 1-184 (n = 14 +/- 2), as compared to its 93-184 RBD (n = 6 +/- 1), and by the biphasic binding that was observed for the UP1:poly(U) interaction at pH 6.0. Our finding that the affinity of the 1-184 fragment is 1000-fold less than the product of the affinities of its 1-92 and 93-184 RBDs is consistent with these domains being joined by a flexible linker. By comparing the affinities of the 1-184 fragment with that for A1, we conclude that together the two RBDs in A1 account for only 53% of the free energy of A1 binding. Comparative binding studies with UP1 demonstrate that the short region spanning residues 185-->195 represents an important determinant of the binding affinity of A1 and, since this region contains a site of dimethylation, it may provide a mechanism for regulating the affinity of A1 for specific nucleic acid targets.